Aim-To determine the relation of refractive error to environmental factors, including close up work, in Singapore military conscripts. Methods-A cross sectional study was conducted on 429 Singapore military conscripts. Non-cycloplegic refraction and A-scan biometry were performed in both eyes. A detailed questionnaire was administered by in-person interview to obtain information about current and past near work activity, extra tuition lessons, educational experiences, and family demographics. Results-Myopia associated with the conscript having been educated in the (gifted, special, or express) educational streams (adjusted odds ratio (OR) = 3.8, 95% confidence interval CI 2.0-7.3), and having completed pre-university education (OR=4.1, 95% CI 1.9-8.8). The reported close up work activity at age 7 years did correlate with age of onset of myopia (p<0.001). In parallel, supplemental tuition lessons in primary school has (OR=2.6, 95% CI 1.4-4.9) associated with conscript myopia. Parental myopia was positively associated with myopia (p<0.001), but this relation disappeared when adjusted for environmental factors. Current (p=0.83) and past close up work activity at age 7 years (p=0.13) did not correlate with myopia. Conclusion-Educational level and educational stream positively related to myopia. A relation was observed with reported close up work activity in early childhood and with tuition classes during elementary school, but not with current close up work activity. These results underscore the strong influence of environment in myopia pathogenesis but a role for close up work activity remains indeterminate. (Br J Ophthalmol 2001;85:855-860) Most prominently in east Asian societies, myopia prevalence appears to be increasing among economically developed societies worldwide.
Most prominently in east Asian societies, myopia prevalence appears to be increasing among economically developed societies worldwide. 1 2 While myopia may be viewed as resulting from a combination of genetic and environmental factors, the dramatic and sudden increases in myopia prevalence during the past century in certain societies argue strongly for a dominant environmental influence. 3 4 The clinical literature dealing with the potential aetiology for myopia is massive but remarkable for its paucity of clear insights.
Prominent among the hypothesised myopia risk factors is a role for close up work, such as reading and related visual tasks. [5] [6] [7] More advanced education is repeatedly associated with greater myopia prevalence, but it remains unclear if educational level is an independent risk factor or a surrogate for close up work or some other socioeconomic characteristic. [8] [9] [10] To explore these particular risk factors, we have conducted a cross sectional study relating close up work and educational achievement to measures of refractive status and ocular axial length. These environmental factors were assessed through a detailed questionnaire developed for this purpose and previously validated. Few available studies combine comprehensive close up work estimates with refractive error and biometry measurements.
This study analysed a volunteer subset of a disproportionate stratified sample of the population of young male adult conscripts in Singapore. Of young adult males conscripted into the Singapore Armed Forces, the myopia rate has progressively increased from 26% in the 1970s to 79% in the 1990s. [11] [12] [13] [14] This time period of increasing myopia prevalence among males in Singapore includes the childhood of the recruits studied here. About 15% of Singapore's current military conscripts have myopia greater than −6.0 dioptres, a severity indicating a high risk in this population for myopia associated eye pathology.
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Material and methods
STUDY POPULATION
A cross sectional study (Singapore Armed Forces Myopia Study) of national servicemen enlisted in the Singapore Armed Forces was conducted in 1998 to 1999. For all male Singapore citizens, 2 years of national service are compulsory on reaching an appropriate age (usually 18-23 years). Only young Singaporean men with severe handicaps (including men who are legally blind) or with the most serious medical conditions are excluded from national service. Thus, the population of enlisted national servicemen represents almost the entire young male Singapore population. Written informed consent was obtained from all national servicemen who participated in the study. Approval was obtained from the ethics committee, Defense Medical Research Institute (DMRI), Singapore.
Approximately 79% of the entire population of 15 000 armed forces conscripts are myopic. 11 Disproportionate stratified sampling was conducted whereby 889 subjects were randomly chosen from each 1.0 dioptre stratum of spherical equivalent (SE) refractive error. This sampling technique was chosen to permit risk factor analysis in relation to both the occurrence of myopia and its severity. There were a total of 13 strata from +2.0 dioptres to −10.0 dioptres. Subjects with ocular pathology other than myopic chorioretinal degeneration were excluded. A total of 429 subjects (participation rate of 48.3%) agreed to join the study. The mean age of the national servicemen was 21.1 years (range 19-25 years). The majority of the conscripts were Chinese (89.6 %), with the remainder being Indians, Malays, Eurasians, and other races. After completion of 4 years of secondary school (high school) in Singapore, the student joins pre-university education, which is 2 years long, before entering university (tertiary) education. In all, 54.2% of participants and 45.8% of non-participants had completed pre-university education. The mean right eye subjective refraction was −6.1 dioptres for participants compared with −5.1 dioptres for non-participants.
OCULAR MEASUREMENTS
The logMAR chart using a standard protocol was used to measure best corrected and uncorrected visual acuity in both the right and left eye. Several measures of refractive error were performed on all subjects. Myopia was measured in both eyes by full binocular subjective non-cycloplegic refraction performed by a trained optometrist. In addition, noncycloplegic refractive error measurements were made in the right and left eyes using the Nidek ARK 900 (Nidek Co Ltd, Tokyo, Japan) autorefractor and the average of six readings was obtained. Refractive error was also measured using the hand held Nikon Retinomax K-plus (Nikon Co Ltd, Tokyo, Japan) and the average of eight readings was recorded. The Pearson correlation coeYcient for right eye measured by the Nidek autorefractor and subjective refraction was 0.99 and the Pearson correlation coeYcient for right eye measured by the Retinomax autorefractor and subjective refraction was 0.98. The corneal radii in the principal horizontal and vertical meridian were measured in both eyes by the Nidek autorefractor and the average of five readings in each meridian was taken. Biometry measurements of right and left eye were made using a Sonomed A 2500 A-scan ultrasound machine (Sonomed Inc, New York, USA; transducer frequency, 10 MHz). Axial length, vitreous chamber depth, lens thickness, and anterior chamber depth were measured. The average of five ultrasound readings was taken. The optometrists who performed the refractive error and ultrasound readings were masked to information from the questionnaire.
QUESTIONNAIRE
Both the cases and controls were interviewed at the Defense Medical Research Institute (DMRI) clinic site using the same procedures. A trained research assistant conducted the in-person interview (approximately 20 minutes) using a standard questionnaire. The questionnaire was translated into Chinese and the interview was conducted in either the English or Chinese language, depending on whether the recruit spoke English or Chinese.
We estimated close up work activity using several parameters. The questionnaire included quantitative information on current close up work activity (reading or writing in English or Chinese, playing video games, or computer games) on a weekday and weekend. The methods for assessment of current close (normal express special gifted) up work activity have been reported elsewhere. 5 In addition to current exposure, we also asked about total close up work activity (reading and writing, computer use, and playing video games) at age 7. Children in Singapore commence grade I at age 7 years. We ascertained whether they had extra tuition classes (either private or school) in primary or secondary school (see Appendix). We assessed academic achievement by obtaining information on the educational stream that the child entered (gifted, special, express, or normal) (Fig 1) . Children in Singapore are placed in diVerent schooling tracks (streams) based on mid year and final year grades. If the child performs well in the final primary school examinations, he or she may enter the gifted, special, or express streams. There was a strong agreement between educational level achieved and educational stream (p < 0.001), with the children educated in the highest academic streams ultimately achieving the highest educational level.
Information on outdoor activity (hours per week) at age 7 years and in the past year was obtained. Information on parental history of myopia was obtained by asking the recruit whether the parents were wearing spectacles for short sightedness. Other questions on socioeconomic status included educational level, parent's education level, and total family income per month. We asked about the age of onset of myopia for myopic conscripts.
DATA ANALYSIS
All refractive error readings were reported as spherical equivalent (sphere + half cylinder). Data from the right eye only were analysed, as the Pearson correlation coeYcient between fellow eyes was 0.98. As the results from objective and subjective measures of refraction were very similar, only subjective refraction measurements were reported. Relevant environmental factors were compared for the three refractive error groups: high myopes (at least −6.0 dioptres), low myopes (−5.9 to −0.5 dioptres), and non-myopes (>−0.5 dioptres). As the biometry measures confirmed the well established correlations of increasing axial and vitreous cavity lengths with increasing myopia, only the comparisons of risk factors with refractive error are detailed here. Several multivariate logistic regression models were used to determine whether the risk factors predicted myopia (yes or no), controlling for confounders. The p values quoted are two sided and considered statistically significant if the values are below 0.05. The data analysis was conducted using 
Results
The mean refraction was −6.2 (SD 4.2; range −16 to 8.3 dioptres) for the participant group. The median best corrected logMAR visual acuity was 0 (range −0.1 to 0.7). The median cylinder, biometry, corneal curvature radius, and AL/CR ratio measurements were compared for the right eye in 51 non-myopes, 164 conscripts with low myopia, and 214 conscripts with high myopia (Table 1) . Myopes had longer eyeballs (p<0.001), deeper anterior chambers (p< 0.001), and longer vitreous cavities (p<0.001). The average corneal curvature radius was similar in high myopes, low myopes, and non-myopes (p=0.095). The AL/CR ratio was highest in high myopes and lowest in nonmyopes (p<0.001).
We compared the socioeconomic, demographic, and lifestyle factors for myopes and non-myopes in Table 2 . A higher proportion of high and low myopes had fathers who completed at least pre-university education (p=0.013). High and low myopes were more likely to have reported two myopic parents (p<0.001). Even so, some 35% of the total myopic recruit population had no myopic parents. There was no diVerence in the proportion of Chinese among myopes and non-myopes (p=0.74). Current outdoor activity and outdoor activity at age 7 years were not diVerent for the diVerent refractive error groups.
National servicemen with high or low myopia were more likely to have tuition lessons in primary school (p=0.04), were in the gifted, special, or express stream (p<0.001), or to have completed pre-university or tertiary education (p< 0.001) ( Table 3 ). In contrast, national servicemen were not more likely to have tuition lessons in secondary school (p=0.12). Close up work activity before enrolment in the armed forces (p=0.83) and at age 7 years (p=0.13), were not diVerent in high, low, and nonmyopes.
In Table 4 , we used logistic regression analyses to model myopia (yes or no) predicted by tuition lessons in primary school, educational stream, father's education, and educational level, adjusted for confounders. The multivariate adjusted odds ratios for recruits with tuition lessons in primary school and gifted stream were 2.6 (95% CI 1.4-4.9) and 3.8 (95% CI 2.0-7.3) respectively. The odds ratio for one myopic parent versus none was 1.8 (95% CI 0.8-3.8) and for two myopic parents versus none was 3.1 (95% CI 1.0, 9.4). The odds ratio of parental myopia, adjusted for tuition lessons in primary school and educational stream, was 1.1 (95% CI 0.6, 2.0).
The median age of onset of myopia was 10 years (primary four). The median age of onset of myopia for low myopes was 12 years compared with 9 years for high myopes (p< 0.001). The age of onset of myopia was lower in conscripts who reported having spent more time on close up work activity at age 7 years (p=0.012), in the special/express/gifted stream (p=0.019), and recruits whose fathers (p=0.003) or mothers (p=0.004) had completed pre-university education (Table 5 ). In a logistic regression model based on the observed median age of myopia onset of 10 years, the odds ratio of early age of onset of myopia (<10 years) for special/express/gifted stream was 2.4 (95% CI 1.4-4.0) after adjusting for parental history of myopia and close up work activity at age 7 years. The odds ratio for close up work activity at 7 years was 1.5 (95% CI 1.0-2.4), adjusting for parental history of myopia and educational stream. Father's and mother's educational level did not correlate with age of onset of myopia after adjustment for parental history of myopia and close up work activity.
Discussion
Education and educational variables correlated with myopia in Singapore military conscripts. Unlike many surveys of military populations with more restricted methodology, objective refraction and biometry data constituted the ocular measures. 12 13 A detailed questionnaire, designed specifically for this population, was administered individually to the recruits; such an approach to myopia risk factor assessment has been validated previously in the Singapore population. 5 As typically observed, the conscripts in the present study with myopia had longer eyeballs, deeper vitreous chambers, deeper anterior chambers, and steeper corneas than the non-myopic subjects. 15 16 The risk factor analysis revealed strong associations with education and factors related to education such as tuition lessons in primary school. A greater prevalence of myopia among more highly educated national servicemen has been observed in two previous prevalence studies in Singapore, but these reports did not quantify academic achievement, include the same breadth of other risk factors or provide biometry measurements as assessed here. [12] [13] [14] Educational variables assessed here, possibly surrogates of intelligence, academic achievement, family income, or close up work activity, were associated with myopia. With the exception of close up work activity at age 7 year, a variable whose accuracy is diYcult to ascertain, direct measures of close up work activity did not associate with myopia in this population. Associating reported close up work activity and myopia has generally proved diYcult in previous epidemiological surveys as well, for reasons that remain obscure. 6-8 17 In a study of elementary schoolchildren in Singapore, general near work scores did not correlate well with myopia progression. 17 The progression rates of myopia increased after school examinations, but only in 7 year old myopes and non-myopes, and not in 9 or 12 year olds. This temporal oVset of myopia progression rates and educational exposure highlights the complexity of establishing the role of close up work in myopia pathogenesis. Associations relating myopia and its severity to quantitative measures of current close up work activity in our study were weak. Perhaps, self reported close up work as assessed by questionnaire may not adequately address those features of close up activity important for myopia pathogenesis. Alternatively, other risk factors not assessed here or in other clinical assessments of close up activity, such as intelligence or academic achievement, may interact with or obscure the relation of myopia to self reported close up work activity. Possibly, close up work may not constitute a potent independent risk factor for myopia. However, the strong epidemiological associations of myopia with educational exposure on both individual and societal levels, with higher socioeconomic status and with advanced societal economic development all have made it diYcult for investigators to reject the role of close up activity in myopia pathogenesis. For Singapore, in particular, the demanding educational system may produce a common high level of reading exposure with little variation in close up work activity in the population. Also, in our study of national servicemen, the weighted average of current close up work activity may not be as relevant a risk factor as previous close up activity at an earlier age when myopia developed and when exposure may have diVered. Detailed quantitative estimates of past close up work at early ages may be diYcult to measure accurately by retrospective methods owing to problems with recall.
While not precisely equivalent, educational exposure may be a surrogate measure for close up work activity. Tuition lessons in primary school involve additional class time comprised chiefly of reading and writing, along added homework; they may provide an index of early high levels of close up work activity. As tuition lessons in primary school but not in later years were associated with greater myopia, myopia susceptibility from educational activity and perhaps close up work may diVer during the early school years and at later ages. The median age of onset of myopia among the subjects was 10 years; and thus, for the majority of recruits, early childhood risk factor exposures may be the most important.
Alternatively, tuition lessons in primary school, educational stream, or educational level may be indicators of socioeconomic status, academic achievement, intelligence, personality, or other possible risk factors for myopia, independent of close up work activity. Educational stream and years of education are markers of academic achievement, and recruits with tuition lessons in primary school may perform better in the year end school examinations. Moreover, academic achievement is often linked to intellectual ability; recruits with more advanced educational stream, years of education, and who had tuition lessons in primary school may have greater intellectual ability. Past epidemiological studies have evaluated the relation between academic achievement or intelligence with myopia. 8 9 18 Grosvenor noted that myopic children tend to come mainly from "high ability" classrooms in two schools where educational streaming was practised. 18 Several studies have found that myopes score higher on tests of verbal intelligence and mental maturity. 18 A larger proportion of myopes compared with non-myopes had one or two myopic parents. However, such simple associations do not resolve the ambiguities of whether shared genes or shared environment account for myopia trends within families. 19 Because parental myopia status was obtained from the recruit questionnaire responses, potential errors in parental refractive classification may bias the familial myopia association and must qualify the interpretation of these data. None the less, environmental risks are further underscored by the 35% of myopic conscripts for whom neither parent was myopic. It is possible that a myopia gene(s) may determine ocular developmental response to particular environmental stimuli. If confirmed in other population studies, controls for environmental factors might be productively incorporated into genetic studies of myopia.
In conclusion, educational level, educational stream, and tuition lesions in primary school (all factors related to education) positively associated with myopia in military recruits.
